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ABSTRACT. The Edisto River is the longest free
flowing blackwater river system in the United States.
This river, combined with the Ashepoo and Combahee, is
referred to as the “ACE” basin and in the late 1990’s was
considered as one of the most pristine coastal plain
watersheds in the southeastern United States. However,
in 2014, American Rivers included the South Fork Edisto
River on its annual Most Endangered Rivers list. In 2015,
this listing was extended to the entire Edisto River.
American Rivers identified excessive water withdrawals
as the main threat to fish and wildlife habitat, recreation,
and water quality. Accounting for historic conditions and
departures from normal flows is critical to decision
making with regards to water withdrawal policy.
The U.S. Geological Survey (USGS) long-term daily
streamflow record at station 02173000 spans from 1932
to 2015 and was used for this study. The Nature
Conservancy’s Indicators of Hydrologic Alteration (IHA)
software was used to analyze the entire record of
hydrologic data into ecologically relevant parameters and
to categorize flows. A two-period analysis was conducted
to evaluate whether there was a significant difference in
historic flow data from 1932-1985 (period one)
compared to 1986-2015 (period two).
An extreme low flow was defined as an initial low
flow below 10% of daily flows for the period. Over the
entire 76-year period of record, 51 years had at least one
occurrence of extreme low flows. A median of 4 days per
year had occurrences of extreme flows in period one in
contrast to a median of 60 days per year during period
two. The two-period analysis showed significant
differences between period one and period two for
monthly mean flow for February, April, May, and
August as well as for 1-day and 30-day minima and
maxima values. The analysis calculated the 7Q10 at 156
cubic feet per second (cfs), which was -10.9% different
from the most recently published estimate.
This declining trend is concerning considering this
statistic is defined as the lowest stream flow for seven
consecutive days that would be expected to occur once in
ten years. Extremely low stream flows also correspond
with low dissolved oxygen values which are critical for
aquatic species growth, reproduction and ultimate

survival. Results presented in this study have shown that
spring and summer flows in the South Fork Edisto are
statistically significantly lower in period two compared
to period one.
Atlantic sturgeon is federally listed by the National
Marine Fisheries Service (NMFS) as an endangered
species (NMFS, 2012). Spawning has been documented
in both the fall and spring in the Edisto. Spawning has
been documented in the South Edisto approximately 30
miles downstream of station 02173000. Floodplain
inundation is important for other diadromous State
species of concern that spawn in the spring such as
blueback herring, hickory shad, and American shad that
are known to occur in the South Fork Edisto. If spring
flows are inadequate for spawning, other State species of
concern could be impacted.
This research is intended to be part one of a two-part
study on documentation of current conditions of the
South Edisto River and an investigation of causes of
existing conditions. Future research will evaluate climate
data, water withdrawal information, and flow data for a
similar river system to explore causes for the departure
from historic flows in the South Edisto River.
INTRODUCTION
The South Edisto River, and the Edisto River as a
whole, provide valuable recreational opportunities for the
public and economic opportunities for industry; however,
this valued resource may be in decline. To effectively
manage water resources and understand if current
policies are preserving the resource for public, industrial
and ecological uses, decision and policy makers must
have information on historic streamflow conditions to
compare to existing conditions, especially during periods
of low-flow. Therefore, the USGS long-term daily
streamflow record at station 02173000 (South Fork
Edisto River at the Highway 321 bridge near Denmark,
South Carolina) was used to conduct a two-period
analysis to evaluate whether there is a significant
difference in historic flow data period one as compared
to period two.

PROJECT DESCRIPTION
Background
The Edisto River is the longest (approximately 250
miles [Marcy and O’Brien-White 1995]) free flowing
blackwater river system in the United States. The basin is
located in the upper and lower Coastal Plain
Physiographic Provinces of South Carolina (SC). The
South Fork Edisto River begins in the upper Coastal
Plain Physiographic Province east of Edgefield, SC and
converges with the North Fork Edisto River near the
town of Branchville, SC, to form the Edisto River. The
river continues south and east through the lower Coastal
Plain Physiographic Province and joins the Atlantic
Ocean at Edisto Island, south of Charleston, SC (Feaster
and Guimaraes, 2012).
This river, combined with the Ashepoo and
Combahee, is referred to as the “ACE” basin and in the
late 1990’s was considered as one of the most pristine
coastal plain watersheds in the southeastern United States
(NMFS, 1998). Extensive adjacent wetlands and large
tracts of forestland within the river basin have kept water
quality relatively high, supporting an abundance of
aquatic life. According to respondents in a 1995 State
survey, the Edisto River was ranked as the number one
river fished with an economic worth of over 1 million
dollars annually (Marcy and O’Brien-White, 1995). The
economic worth in today’s dollars would be 1.6 million
(Bureau of Labor Statistics, 2016). The Edisto fishery is
diverse with a high percentage of indigenous species
(SCDNR, 1996). SC's State Wildlife Action Plan (2015
revision) identified sixteen freshwater fish and thirteen
mussels of highest conservation priority. Of the State’s
highest conservation priority species, eight fish species
inhabit the Edisto basin (SCDNR, 2015, Marcy and
O’Brien-White, 1995) and three mussel species inhabit
the ACE basin (SCDNR, 2015). The federally listed
aquatic species occurring in the Edisto basin include the
endangered Atlantic sturgeon and shortnose sturgeon
(USFWS, 2016).
In 2014, American Rivers included the South Fork
Edisto River on its annual Most Endangered Rivers list
(American Rivers, 2016). In 2015, this listing was
extended to the entire Edisto River. American Rivers
identified excessive water withdrawals as the main threat
to fish and wildlife habitat, recreation, and water quality
(American Rivers, 2015). Anecdotal accounts from
recreational users of the South Fork Edisto have
suggested that over their lifetimes, the once completely
fishable, swimmable, and navigable river is now
characterized by greatly diminished recreational
opportunities for boating, fishing and swimming.

Related Work
Marshall (1993) completed an analysis of single-mass
curves of precipitation and streamflow for USGS station
02173000 during the period 1939 to 1990 indicating that
changes in streamflow were the result of changes in
precipitation. Feaster and Guimaraes (2012) compiled
previously published values for low-flow frequency and
flow duration for continuous-record stream gaging
stations including USGS station 02173000 as well as
other stations in the Saluda, Congaree, and Edisto River
basins. The annual minimum 7-day average streamflow
with a 10-year recurrence interval for station 02173000
was found to decline from 211 cfs (Bloxham, 1979), to
200 cfs (Zalants, 1991), and finally to 175 cfs (Feaster
and Guimaraes, 2012).
Experimental Design
The USGS long-term daily streamflow record at
station 02173000 (South Fork Edisto River at the
Highway 321 bridge near Denmark, South Carolina) was
used to conduct a two-period analysis to evaluate
whether there was a significant difference in historic flow
data from period one compared to period two. For this
analysis, values <0.05 indicate that the difference
between periods is highly significant; the significance
count can be interpreted similarly to a p-value in
parametric statistics (TNC, 2009). Therefore, the
difference in the twelve monthly means/medians and 1day and 30-day minima and maxima between periods
were significant if the significance counts were <0.05.
METHODS
The USGS long-term daily streamflow record at
station 02173000 spans from 1932 to 2015 (minus data
from 1972-1980) and was used to evaluate flow
alterations associated with human perturbations such as
water withdrawals or global climate change. The
drainage area for station 02173000 is 720 mi2 (Feaster
and Guimaraes, 2012). The Nature Conservancy’s
Indicators of Hydrologic Alteration (IHA) software was
used to analyze the entire record of hydrologic data into
ecologically relevant parameters and to categorize flows
as large floods, small floods, high flow pulses, low flows,
or extreme low flows (TNC 2009). According to IHA
recommendation (based on Richter et al., 1997), at least
twenty years of daily records should be used to analyze
hydrologic alteration for each period of interest. Also, the
USGS characterizes stream gages as long-term when the
period of record is thirty years or greater (USGS, 2016a).
The highest land use/land cover in watershed 0305020403 is agricultural land (40.2%) (SCDHEC, 2012). In the
past thirty years, population and number of hectares
under irrigation in the southeast has grown considerably
(Mullen, 2009).

Figure 1. Environmental flow components analysis.
Long-term Hydrologic Record Analysis
Basic statistics (count, mean, median, minimum and
maximum) for the long-term hydrologic record were
calculated for the twelve monthly means/medians and 1day and 30-day minima and maxima. The monthly
means/medians capture one aspect of flow variability
(seasonal flow distribution) and reflect timing of flow
events and magnitude. To capture variability of flows at
top and low ends of flow range, 1-day and 30-day
minima and maxima are presented. Low and high flows
represent the smallest/largest values of mean discharge
computed over any 1 or 30-consecutive days during the
period.
Five different types of Environment Flow Components
(EFCs): low flows, extreme low flows, high flow pulses,
small floods, and large floods are calculated by the IHA.
These EFCs are ecologically relevant hydrologic patterns
that must be present in a system to sustain ecological
integrity. For example, extreme low flows may be critical
for species such as bald cypress that need dried out
floodplains to regenerate, while large floods are
necessary to promote diversity of physical structure of a
river and its floodplain (TNC, 2009). All flows that
exceeded 75% of daily flows for the period were
classified as high flows. All flows below this level were
classified as low flows. A small flood event was defined
as an initial high flow with a peak flow greater than the
2-year return interval event. A large flood event was
defined as an initial high flow with a peak flow greater
than the 10-year return interval event. All initial high
flows not classified as small flood or large floods were
classified as high flow pulses. Finally, an extreme low

flow was defined as an initial low flow below 10% of
daily flows for the period (TNC, 2009).
Two-period Analysis
The two period analysis calculated the median (i.e., the
50th percentile), coefficients of variation, deviation
factors, and significance counts for the deviation values.
The significance count can be interpreted similarly to a
p-value in parametric statistics (TNC 2009). These
statistics were calculated for the twelve monthly
means/medians and 1-day and 30-day minima and
maxima.
RESULTS
Long-term Hydrologic Record Analysis
Mean annual flow was 719 cfs for the 75-year period
of record. Monthly median flows increased from October
(442 cfs) to a peak in March (935 cfs), then flow sharply
declined in April (730 cfs) and May before steadily
decreasing into the growing season months of June (476
cfs) through September (423 cfs). Median 1-day
minimum and 30-day minimum flows were 248 cfs and
323 cfs, respectively; while median 1-day maximum and
30-day maximum flows were 2,190 cfs and 1,258 cfs,
respectively (Table 1). These low and high flows
represent the smallest/largest values of median discharge
computed over any 1 or 30-consecutive days during the
period. The 7Q10 (the annual 7-day minimum flow with
a 10-year recurrence interval or non-exceedance
probability of 10 percent) was 156 cfs. The highest
recorded flow in the period of record (4/11/1936, 12,700
cfs or 10.91 stage) was verified by the USGS (2016b).

Table 1. Basic statistics for long-term hydrologic
record.
EFCs were calculated and flows were categorized as
large floods, small floods, high flow pulses, low flows, or
extreme low flows. Evaluating the visual representation
of this data (Figure 1), from the 1930’s to roughly 1970,
there are very few occurrences of extreme low flows. In
contrast, from 2000 to the present, there have been many.
Also, from 1980 to the present there has been a lower
frequency of small and large floods. Over the entire 76year period of record, 51 years had at least one
occurrence of extreme low flows. A median of 4 days per
year had occurrences of extreme low flows in period one
in contrast to a median of 60 days per year during period
two (Figure 2).

Figure 2. Number of days with extreme low flow conditions.

Two-period Analysis
Mean annual flow for period one was 782 cfs
compared to 624 cfs for period two (median). A
comparison of median monthly flows also differs greatly
between time periods (Figure 3). For example, the
median monthly flow for February was 1,020 cfs in
period one compared to 750 cfs in period two, while
values for August were 478 cfs in period one compared
to 356 cfs in period two. The significance count for
differences in the median monthly flow for February was
0.04 and August was 0.05 (Table 2). Values <0.05
indicate that the difference between periods is significant.
The significance count for differences between annual
minima and annual maxima 1-day and 30-day means for
period one and period two were highly significant
(between 0.00 and 0.001).
In conclusion, the two-period analysis showed
significant differences between 1932-1985 (period one)
and 1986-2015 (period two) for monthly mean flow for
February, April, May, and August as well as for 1-day
and 30-day minima and maxima values.
DISCUSSION
The annual minimum 7-day average streamflow with a
10-year recurrence interval (7Q10) for station 02173000
was found to decline from 211 cfs (Bloxham, 1979) to
200 cfs (Zalants, 1991), and finally to 175 cfs (Feaster
and Guimaraes, 2012). The analysis presented above
calculated the 7Q10 at 156 cfs, which was -10.9%

Figure 3. Two-period analysis monthly median flows (cfs).
different from the most recent estimate. This declining
trend is concerning considering this statistic is defined as
the lowest stream flow for seven consecutive days that
would be expected to occur once in ten years. Extremely
low stream flows also correspond with low dissolved
oxygen values which are critical for aquatic species
growth, reproduction and ultimate survival. Results
presented in this study have shown that spring and
summer flows in the South Fork Edisto are statistically
significantly different.
Atlantic sturgeon is federally listed by the NMFS as an
endangered species (NMFS, 2012). Spawning has been
documented in both the fall and spring in the Edisto
(SCDNR, 2016a) and the population size is thought to be
similar to the better known populations in the Altamaha
and the Savannah River (personal communication, Bill
Post). Spawning behavior has been documented in the
South Edisto approximately 30 miles downstream of
station 02173000. Most presumed spawning movements
for Atlantic sturgeon begin near the end of July through
the

beginning of August and the diadromous fish were
detected on the spawning grounds through October in
each year of the study period (Post et al., 2014). It is
unclear whether current hydrologic conditions in the
South Fork Edisto are impacting Atlantic sturgeon
populations; however, this is a topic for further research.
Floodplain inundation is important for other diadromous
State species of concern that spawn in the spring such as
blueback herring, hickory shad, and American shad that
are known to occur in the South Fork Edisto (SCDNR,
2015, SCDNR, 2016b, 2016c, and 2016d). If spring
flows are inadequate for spawning, other State species of
concern could be impacted.
This research is intended to be part one of a two-part
study on documentation of current conditions of the
South Edisto River and an investigation of causes of
existing conditions. Future research will evaluate climate
data, water withdrawal information, and flow data for a
similar river system to explore causes for the departure
from historic flows in the South Edisto River.

Table 2. Basic statistics for two-period analysis.
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